A controversy exists as to whether a form of regional enteritis in Syrian hamsters be a neoplastic or proliferative disease. JONAS et al.1 and GANS et al.2 diagnosed the condition as enzootic intestinal adenocarcinoma whereas BOOTHE and CHEVILLE~ consider the lesion to be proliferative ileitis. Spontaneous gastrointestinal neoplasms have been described in hamsters, several in the small intestine, but only one in the ileum495.
with the solution. The tip of the tube was guided into the forestomach and 0.5 ml (1 mg) of NMU was administered. Group D, the controls, received no treatment.
Necropsies were performed on all animals killed or found dead. The small and large intestines were opened along the mesenteric line and flattened out on corkboard. The mucosal surface was rinsed with formalin and each was separately prepared utilizing the Swiss roll technique. Tissues were fixed in 10% buffered formalin; paraffin sections were stained with hematoxylin and eosin. Special stains used on selected sections of the intestine included Mayer's mucicarmine, alcian blue, periodic acid-Schiff (PAS), and aldehyde fuchsin.
Results

General
This report describes only the intestinal neoplasms induced in Syrian hamsters by NMU. Some of the specific lesions, and benign and malignant tumors induced by this carcinogen in other organs have been the subject of previous reports6. 7.8. A summary of the results including the effective number of hamsters in each experimental and control group, the range in life span, total dose (mg) of NMU received, and the frequency of intestinal tumors is shown in Table I . The average age at death for Group A animals was 9 months; for Group By 11 months; Group C, 9 months;
and Group D, the controls, 19% months. Malignant tumors of the intestine were found in the experimental animals as early as G months of age. In the control group the earliest tumor was at 12 months of age and the other 3 animals with adenocarcinoma of the intestine were 18,24, and 27 months of age respectively.
Five animals in Group A and 2 in Group B had adenocarcinomas of both the small and large intestines. Metastases to regional lymph nodes, including mesenteric, periaortic, perirenal, and peripancreatic, were present in some of the animals in each group but the frequency was highest for Group A animals that received the NMU intravenously. The intestinal tumors in Group A were predominately of the superficial type and this type seems to penetrate into lymphatics with ease.
Histopathology
Classijcation
The malignant tumors of both the small and large intestines were classified according to their pattern of growth into two histological types, superficial and intestinal. The frequency of the histological patterns of the intestinal adenocarcinomas in each experimental group and the controls is shown in Table 11 . In Group A, 8 of the 9 tumors of the small intestine were of the superficial type. None of the animals in the experimental group had a superficial type of carcinoma of the large intestine whereas one animal in the control group did.
The characteristic feature of the superficial type is the more or less extensive involvement of the mucosa. This type may at times penetrate the muscularis mucosa but usually does not invade deeper until a wide surface area has been covered. The mucosal involvement is not always continuous as there may be free areas between. These tumors generally are not recognized on gross examination.. There may be nonspecific mucosal changes such as a slight elevation, thickening, or smoothness of the mucosa. The diagnosis can only be made by microscopic examination.
The intestinal type is characterized by definite glandular structures. Grossly these tumors may be broadly sessile or pedunculated with wide or narrow stalks. They can encircle the lumen producing obstruction and may or may not be ulcerated. 
Small Intestine
The first observed histological change in the mucosa of the small intestine following NMU administration was a decrease in the height of the villi (Fig. 1 ). For comparison the normal villous architecture is shown in Figure 2 . The villi are tall, delicate, and slender and covered by a single layer of columnar epithelium with basally located nuclei. Not every villus was changed; some areas had relatively normal villi. Focal areas showed a gradual transition from the tall columnar epithelial cells with basal nuclei to cuboidal cells with centrally located nuclei. The absorptive cells decreased in height and increased in width. There was true atrophy of the mucosa and submucosal lymphangiectasia was often a feature ( Fig. 3) .
The adenocarcinomas, often multicentric in origin, were located in all parts of the small intestine but predominately involved the jejunum and ileum. The most important feature common to tumors of this type, whether they started from a single focus or from multiple foci, was their predominant mucosal spread. In some of the very early cardnomas with the malignant process confined to the superficial part of the mucosa (Fig. 4) , metastasis to regional lymph nodes was already evident. One animal had a primary epidermoid carcinoma of the vagina and metastases from both primary carcinomas were present in the perirenal lymph node (Fig. 5 ). The histological appearance in areas where the growth was present only in the superficial portion of the mucosa suggests that the tumors arise from goblet-secreting cells. The histology also suggests that true infiltration of the interstitial tissue occurs with normal glandular tissue still surviving at this stage (Fig. 6) . The surface epithelium overlying the superficial carcinomas varied from cells with basally located nuclei to cells that were increased in size with centrally located nuclei and cells that revealed epithelial atypism with large hyperchromatic nuclei (Fig. 7) .
Some of the carcinomas were composed mainly of signet-ring cells arranged in clusters or small groups. These cells were large spheroidal or oval dear cells containing mucus and with flattened deeply stained peripheral nuclei. Mucoid areas were common and at times extensive. The mucin of the malignant cells was brilliantly stained, as was also the extracellular mu&, with alcian blue, mucicarmine, and aldehyde fuchsin. Submucosal lymphatic involvement by nests of tumor cells was common ( Fig. 8 ). 
Large Intedne
The adenocarcinomas of the large intestine in the experimental animals were frequently multiple but always single in the control group. All of the tumors of the large intestine in the experimental group were of the intestinal type and 3 of the 4 tumors in the control group had this pattern.
The first observed stage in the development of the intestinal type of adenocarcinoma was the in-situ change observed in the glands suggesting that this type arises from glandular epithelium. This alteration was classified as adenocarcinoma-in-situ and was observed only in animals of the experimental group. This cytological change was present both in animals with and without malignant tumors of the large intestine. The mucosa was intact, of normal thickness and the surface epithelium was normal. The striking change was not in the architecture of the glands but in the character of the cells which lined them. These cells were hyperchromatic, both nuclei and cytoplasm staining more intensely than normal. There was disorientation of the nucIei suggesting complete loss of polarity (Fig. 9) .
The histological feature characteristic of the intestinal type of adenocarcinoma is definite glandular structures with well-defined lumens formed by cells with large hyperchromatic nuclei of variable she and shape. The mode of spread of the intestinal type Mered from the superficial type as the tumors grew outward from one or more focal points and in all directions, into the lumen forming polypoid growths, parallel to the lumen and invaded through the muscular coat to the serosa (Fig. 10 ). There was a difference also in the mucin stains. The areas of adenocarcinoma-in-situ and adenocarcinomas of the intestinal type were essentially negative for intracytoplasmic mucin. Occasionally the luminal surface gave a positive reaction.
Three of the control animals had adenomatous polyps of the colon but none was found in the experimental animals. There was no histological evidence that the adenocarcinomas arose from the polyps. 
Discussion
The present study demonstrates the great value of the Swiss-roll technique for determining the frequencv of both spontaneous and induced gastrointestinal neoplasms in Syrian hamsters. The superficial type of adenocardnomas may easily be missed on gross examination. Histologically there was no difference between the spontaneous adenocarcinomas of the intestine and those induced by NMU. The biological behavior was also the same; the tumors were invasive and metastasized. But NMU-induced neoplasms were frequently multicentric in origin and involved the small intestine as often as the large intestine whereas the spontaneous tumors were single and predominately located in the large intestine.
NMU provides a tool for studying early changes in the development of adenocarcinoma of the intestine. The histological alteration of the villous architecture of the smalI intestine is reminiscent of changes following radiation to the gastrointestinal tractg. The basic defect involved with radiation is impaired proliferation of the regenerative crypt epithelium. The histogenesis of the radiative lesion is explained in part by improper cell renewal because of interference with cell divisionlo. Since NMU produces changes in the villi similar to that of X-ray radiation, the possibility exists that NMU has an antimitotic action. The precise mechanism by which the nitrosamines produce cancer is unknown. It has been postulated that the carcinogenic action of NMU results from dealkylation of nucleic acids and irreversible change in the genetic information of the cellsll. The interference with proliferation of the cells in the crypts of Lieberkuhn by NMU may or may not be related to its carcinogenic action.
The histopathogenesis of the intestinal type of adenocarcinoma both in the small and large intestine showed the initial effect of NMU on the glands. In contrast the early superficial type of adenocarcinoma disclosed cells heavily laden with mucus in the interstitial tissue of the mucosa and at the base of atrophic crypts. This finding suggests that the superficial type arises from goblet-secreting cells. The histological changes which I have described, in the intestines of Syrian hamsters given NMU, differ from the pubIished reports on enzootic intestinal adenocarcinoma and proliferative ileitis. Features characteristic of both these conditions in hamsters include epithelial cell hyperplasia in the crypts, coagulative necrosis and elongation of villi, secondary stromal hyperplasia, and an inflammatory reaction with a granulomatous component1.3. Lesions of this type were not observed in the present study in either the control or experimental animals.
The adenocarcinomas of the intestine induced in Syrian hamsters by Nmethyl-N-nitrosourea (NMU) were of two histological types, superficial and intestinal. These types had distinctive characteristics regarding pattern, cytological features, secretion of mucus, and mode of growth. The histological changes induced by NMU in the mucosa of the small intestine differed from what has been described in enzootic intestinal adenocarcinoma and proliferative ileitis of Syrian hamsters. NMU produced alteration in the villous architecture and cytological change in the absorptive cells. There was marked shortening of the villi and reduced thickness of the mucosa. The villous absorptive cells were large and cuboidal with centrally placed nuclei.
